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1
SYSTEMS AND METHODS FOR IMPROVING
RUNWAY STATUS AWARENESS

BACKGROUND OF THE INVENTION

Honeywell’s SmartRunway® addresses one of the
National Transportation Safety Board’s (NTSB) top 10 glo-
bal safety concerns—runway incursions. With one incident
happening daily worldwide, runway incursions cost the
industry about $100 million USD a year for passenger inju-
ries and aircraft repairs and inspections.

As a next-generation solution to the Runway Alert and
Advisory System (RAAS), SmartRunway™ improves situ-
ational awareness by providing timely positional advisories
and graphical alerts to crew members during taxi, takeoff,
final approach, landing, and rollout, to reduce the likelihood
of'a runway incursion.

When an aircraft approaches a closed runway for landing
or takeoff, the information provided to the pilot may be mis-
leading.

SUMMARY OF THE INVENTION

The present invention provides an apparatus, method, and
computer program product for generating and annunciating
to a flight crew if they are on or approaching a closed runway.
The present invention alerts the pilot to operations on closed
runways with appropriate and non-misleading information,
thus allowing the pilot to make better decisions.

Instead of just an “Approaching three four left” or
“Approaching Taxiway”, the present invention provides a
more appropriate “Approaching CLOSED runway three four
left,” thus giving the pilot the data needed to respond appro-
priately. Similarly for takeoff, the previous alert is “On Taxi-
way.” According the present invention, that alert becomes
“On Closed Runway,” removing confusion and allowing the
pilot to provide a more timely response.

BRIEF DESCRIPTION OF THE DRAWINGS

Preferred and alternative embodiments of the present
invention are described in detail below with reference to the
following drawings:

FIG. 1 is a block diagram of an exemplary system formed
in accordance with an embodiment of the present invention;

FIG. 2 is a flowchart of an exemplary process performed by
the system shown in FIG. 1; and

FIGS. 3 and 4 show situations where the improvement
provided by the present invention is provided.

DETAILED DESCRIPTION OF THE INVENTION

In one embodiment, the present invention provides
improvements to the SmartRunway™ by Honeywell, Inc.,
which offers improved situational awareness for the flight
crew in order to help lower the probability of runway incur-
sion incidents and accidents by providing timely aural mes-
sages to the flight crew during ground taxi, takeoff, final
approach, and landing/roll-out operations.

Alerts are generated, based upon the aircraft’s current posi-
tion when compared to airport runway information stored
within a runway database (e.g., Honeywell’s Enhanced
Ground Proximity Warning System (EGPWS) database).

The present invention is described more fully hereinafter
with reference to the accompanying drawings, in which pre-
ferred embodiments of the invention are shown. This inven-
tion is, however, embodied in many different equivalent
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2

forms and is not to be construed as limited to the embodi-
ments set forth herein; rather, these embodiments are pro-
vided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those
skilled in the art. Like numbers refer to like elements through-
out.

The present invention is an apparatus, method, and com-
puter program product for generating and annunciating to the
crew an aircraft advisory with respect to a position of the
aircraft relative to airport runways, by selecting a runway and
determining a position and orientation of the aircraft relative
to the runways, both on the ground during takeoff and land-
ing, and providing a pilot with situational awareness of the
airport runways.

In one embodiment, the present invention provides outputs
that are heard or seen by the crew in normal operations over
output devices, such as speakers 28 or display 30, providing
increased position awareness relative to the runway during
taxi and flight operations. The present invention includes a
runway database that includes operational status (i.e., closed)
runway information for allowing detection of operations on
closed runways and alerting of the pilot to the closed status of
runways. The closed runway information may identify a run-
way as being partially or fully closed. If the closed runway
information identifies a runway as being partially closed, the
runway information may include information about the area
of the runway that is closed (or the portion that is open). The
present invention is interoperable with Honeywell’s Smart-
Runway® for avoiding multiple, confusing annunciations.

FIG. 1 illustrates by example and without limitation an
airport situational awareness system 20 for locating an air-
craft with respect to airport taxiways and runways and gen-
erating advisories for enhancing a pilot’s situational aware-
ness.

The airport situational awareness system 20 includes a
processor 22 that is coupled to periodically sample real-time
electronic data signals representative of one or more aircraft
state parameters of interest, such as latitude and longitude
position information; radio, GPS, or barometric altitude;
ground speed; track angle; gear setting; horizontal and verti-
cal figures of merit; and one or more other aircraft state
parameters, as may be of interest. Such data are available in
different formats, including ARINC 429, ARINC 575, ana-
log, discrete, or an advanced digital format.

The navigation data may be obtained directly from the
navigation system, which may include an inertial navigation
system (INS), a satellite navigation receiver such as a global
position system (GPS) receiver, VLF/OMEGA, Loran C, or
VOR/DME, or from a Flight Management System (FMS).

The airport database 26 may includes airport information,
such as data on fixed obstacles (tower, buildings, and han-
gars), runways of interest, including: airport designator for
identifying airport; width and length values; runway survey
data, including runway center point, runway centerline and
both runway endpoints; runway position quality information
providing a gross estimate in nautical miles of position uncer-
tainty of runway and quality factor information providing fine
estimate, for example in feet, of position uncertainty of run-
way; runway elevation; runway true heading in degrees for
the end of runway, and runway designator angle based on
assigned designation; glideslope angle in degrees for an
approach on either heading, i.e., to either end of the runway;
transition altitude in feet at the runway location; runway
closure information; terrain quality data within a selected
area surrounding the runway, such as an area of about 15
miles, including highest and lowest elevations; and a survey
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accuracy factor. Much of the stored information is for use by
Runway Selection Logic executed by the processor 22.

The runway selection performed by the processor 22 is
described in U.S. Pat. No. 6,304,800, entitled Automated
Runway Selection, issued to Yasuo Ishihara, etal. on Oct. 16,
2001, which is owned by the assignee of the present applica-
tion, and the entirety of which is incorporated herein by
reference.

However, in relation to the description of the various
embodiments of the present invention provided in detail
below, it must be understood that aspects of the present inven-
tion can be used with any system that uses stored information
concerning runways for runway selection. As this disclosure
is for illustrative purposes only, the scope of the present
invention should not be limited to the systems described
below, as the concepts and designs described below may be
implemented in any type of system that uses runway infor-
mation for runway selection.

The database could be merged into an existing database as
long as backward compatibility is maintained. In one embodi-
ment, a bit is added to each runway entry in the database. The
bit, when activated, marks a runway as being closed. In this
embodiment, when adding the bit, the corresponding runway
is marked as non-RAAS (runway awareness and advisory
system) (i.e., not available for selection in the RAAS). In
another embodiment, the processor 22 includes code that will
include Closed non-RAAS runways as potential runways, but
will attach the closed information to any selected runway
output information.

The information output is intended to reduce the risk of a
closed runway incursion. By alerting the pilot to operations
on closed runways, with appropriate and non-misleading
information, the pilot can make better decisions. So instead of
just an “Approaching three four left” or “Approaching Taxi-
way” alert, the more appropriate alert “Approaching
CLOSED runway three four left” will give the pilot the data
needed to respond appropriately. Similarly for takeoff, the
potentially misleading “On Taxiway” alert will become “On
Closed Runway”, removing confusion and allowing the pilot
to respond more quickly.

FIG. 2 shows an exemplary process 80 performed by the
system 20. First, at a block 84, routine updates of the runway
operations information (including closed-runway informa-
tion) are applied to the runway database. Most airlines require
a periodic update to the runway database. The frequency of
this update provides adequate closed-runway information for
the flight crew. Next, at a decision block 88, the processor 22
determines if the aircraft is airborne. If the aircraft is not
airborne, then, at a decision block 90, the processor 22 deter-
mines if the aircraft is approaching a partially or fully closed
runway. If the airborne aircraft is not approaching a partially
or fully closed runway, then the process 80 returns to decision
block 88. If the airborne aircraft is approaching a partially or
fully closed runway, then, at a decision block 92, the proces-
sor 22 determines if the aircraft is approaching a closed por-
tion of a partially closed runway or approaching a closed
runway. If the aircraft is approaching a closed portion of a
partially closed runway or is approaching a closed runway,
then, at a block 96, the processor 22 outputs to the output
device(s) a closed-runway indication (i.e., audio or visual). If
the aircraft is not approaching a closed portion of a partially
closed runway, then, at a block 98, the processor 22 outputs to
the output device(s) an inclusion of a closed-runway infor-
mation (e.g., amount of available runway) with runway id
information.

If at decision block 88, the processor 22 determines that the
aircraft is not airborne, then, at a decision block 100, the
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4

processor 22 determines whether the aircraft is on a partially
or fully closed runway. If the aircraft is not on a partially or
fully closed runway, then the process 80 returns to block 84 or
decision block 88. If the aircraft is on a partially or fully
closed runway, then, at a decision block 102, the processor 22
determines if the aircraft is on a closed portion of a partially
closed runway or on a closed runway. If the aircraft is on a
closed portion of a partially closed runway or on a closed
runway, then, at a block 96, the processor 22 outputs to the
output device(s) a closed-runway indication (i.e., audio or
visual). If the aircraft is not on a closed portion of a partially
closed runway, then, at a block 98, the processor 22 outputs to
the output device(s) an inclusion of a closed-runway infor-
mation (e.g., amount of runway available) with runway id
information.

Closed-runway indication is, for example, “On Closed
Runway” or “Approaching Closed Runway,” depending on
airborne state.

FIG. 3-1 shows a situation where an aircraft is approaching
anopen end (portion) of a partially closed runway, the runway
is treated as being shorter. Once the aircraft is within a thresh-
old envelope from the runway, the alert “Approaching Two
Five Right—7000 feet available” is outputted to the flight
crew based on the stored runway database information.

In another embodiment, the processor 22 may indicated
how much of the runway is closed if the aircraft is approach-
ing a closed section. For example, an “Approaching 25R, first
1000 feet Closed” is provided if the first 1,000 feet of runway
are closed.

FIG. 3-2 shows a situation where an aircraft is on a closed
end (portion) of a partially closed runway or a fully closed
runway. The alert “On Closed Runway” is outputted to the
flight crew based on the stored runway database information,
when the aircraft is determined to be on the runway.

If the aircraft in on an open section of a partially closed
runway, the example alerts “On Runway Two Four, 7000 feet
available” or “On Runway Two Four, last 1000 feet is closed”
are provided.

When taking off or landing on the open section of a par-
tially closed runway, then only the shorter runway is analyzed
for available runway length. Takeoft from a closed section
should not happen.

FIG. 4 shows situations where an aircraft is on a closed
runway. If the aircraft is on the closed end (portion) of a
partially closed runway or on a fully closed runway, then an
“On Closed Runway” alert is outputted to the flight crew
based on the stored runway database information. If the air-
craft is on an open end (portion) of a partially closed runway,
the alert “On Two Four Right— feet available” is
outputted to the flight crew based on the stored runway data-
base information.

While the preferred embodiment of the invention has been
illustrated and described, as noted above, many changes can
be made without departing from the spirit and scope of the
invention. Accordingly, the scope of the invention is not lim-
ited by the disclosure of the preferred embodiment. Instead,
the invention should be determined entirely by reference to
the claims that follow.

The embodiments of the invention in which an exclusive
property or privilege is claimed are defined as follows:
1. A method comprising:
at a processor,
automatically selecting a runway based on a direction of
travel of an aircraft in the air or based on a position of
the aircraft on the ground;
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determining if the automatically selected runway is
identified as at least a partially closed runway, based
on previously uploaded runway operational informa-
tion stored in a database;

if it is determined that the automatically selected runway
is not at least a partially closed runway, then repeating
said step of determining if the automatically selected
runway is identified as at least a partially closed run-
way without the generation or presentation of a closed
runway indication;

if, in the alternative, it is determined that the automati-
cally selected runway is at least a partially closed
runway, then:

determining whether the aircraft is approaching the
selected runway from the air or on the selected run-
way on the ground;

if it is determined that the aircraft is approaching the
selected runway from the air, then generating a
closed-runway indication that comprises either an
approaching closed runway alert in the event that the
selected runway is a fully-closed runway or a runway
length available alert in the event that the selected
runway is a partially-closed runway;

if, in the alternative, it is determined that the aircraftis on
the selected runway on the ground then generating a
closed-runway indication that comprises either an on
closed runway alert in the event that the selected run-
way is a fully-closed runway or a runway length avail-
able alert in the event that the selected runway is a
partially-closed runway; and

at an output device,

presenting the generated closed-runway indication.
2. The method of claim 1, further comprising:
at the processor,
periodically updating the database with current runway
operational information.

3. The method of claim 1, wherein the runway operational
information comprises closure information.

4. The method of claim 3, wherein the closure information
comprises at least one of partial or full closure information
and wherein the partial closure information identifies the area
of the partial runway closure.

5. A system located on an aircraft, the system comprising:

a database configured to store previously uploaded runway

operational information;

a processor configured to,

automatically select a runway based on a direction of
travel of an aircraft in the air or based on a position of
the aircraft on the ground;

determine if the automatically selected runway is iden-
tified as at least a partially closed runway, based on the
stored runway operational information;

if it is determined that the automatically selected runway
is not at least a partially closed runway, then repeating
said step of determining if the automatically selected
runway is identified as at least a partially closed run-
way without the generation or presentation of a closed
runway indication;

if, in the alternative, it is determined that the automati-
cally selected runway is at least a partially closed
runway, then:

determine whether the aircraft is approaching the
selected runway from the air or on the selected run-
way on the ground;

if it is determined that the aircraft is approaching the
selected runway from the air, then generate a closed-
runway indication that comprises either an approach-
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6

ing closed runway alert in the event that the selected

runway is a fully-closed runway or a runway length

available alert in the event that the selected runway is

a partially-closed runway;

if, in the alternative, it is determined that the aircraftis on
the selected runway on the ground then generate a
closed-runway indication that comprises either an on
closed runway alert in the event that the selected run-
way is a fully-closed runway or a runway length avail-
able alert in the event that the selected runway is a
partially-closed runway; and

an output device configured to present the generated

closed-runway indication.

6. The system of claim 5, further comprising a communi-
cation device configured to receive updated runway opera-
tional information from a remote source, wherein the proces-
sor is configured to update the database with received runway
operational information.

7. The system of claim 5, wherein the runway operational
information comprises closure information, and wherein the
closure information comprises at least one of partial or full
closure information.

8. A method for improving runway status awareness, the
method being performed automatically by a computer pro-
cessor embedded within electronic flight systems of an air-
craft, the method comprising:

determining automatically, using the electronic flight sys-

tems of the aircraft, whether the aircraft is airborne or

not airborne;

if it is determined that the aircraft is airborne, then:

a) automatically determining, based on an automati-
cally-detected movement of the aircraft through the
air, whether the aircraft is approaching a runway that
is either partially-closed or fully-closed, and based on
the automatically determining of step a), subse-
quently performing one of steps a-1), a-ii), or a-iii), as
follows;

1) if the aircraft is approaching an open portion of a
partially-closed runway, generating and presenting
a runway closed indication that comprises a run-
way landing length available alert;

ii) if the aircraft is approaching a closed portion of a
partially-closed runway or a fully-closed runway,
generating and presenting a runway closed indica-
tion that comprises an approaching closed runway
alert;

iii) if the aircraft is not approaching a runway that is
either partially-closed or fully-closed, then repeat-
ing the automatically determining step a) without
generating or presenting a closed runway indica-
tion;

if, in the alternative, it is determined that the aircraft is not

airborne, then:

b) automatically determining, based on an automati-
cally-detected position of the aircraft on the ground,
whether the aircraft is positioned on a runway that is
either partially-closed or fully-closed, and based on
the automatically determining of step b), subse-
quently performing one of steps b-i), b-ii), or b-iii), as
follows;

1) if the aircraft is located on an open portion of a
partially-closed runway, generating and presenting
a runway closed indication that comprises a run-
way take-off length available alert;

ii) if the aircraft is located on a closed portion of a
partially-closed runway or a fully-closed runway,
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generating and presenting a runway closed indica-
tion that comprises an on closed runway alert;

iii) if the aircraft is not positioned on a runway that is
either partially-closed or fully closed, then repeat-
ing step b) without generating or presenting a 5
closed runway indication.
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